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(57) ABSTRACT

A circuit module and a manufacturing method for the same,
reduce a possibility that a defect area where an electrically
conductive resin 1s not coated may occur 1n a shueld layer. A
mother board 1s prepared. A plurality of electronic compo-
nents are mounted on a principal surface of the mother board.
An 1nsulator layer 1s arranged so as to cover the principal
surface of the mother board and the electronic components.
The insulator layer 1s cut such that grooves and projections
are formed 1n and on the principal surface of the insulator
layer and the insulator layer has a predetermined thickness H.
An electrically conductive resin 1s coated on the principal
surface of the isulator layer to form a shield layer. The
mother board including the insulator layer and the shield
layer both formed thereon 1s divided to obtain a plurality of
circuit modules.

8 Claims, 12 Drawing Sheets
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CIRCUIT MODULE AND MANUFACTURING
METHOD FOR THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a circuit module and a
manufacturing method for the same. More specifically, the
present ivention relates to a circuit module including elec-
tronic components mounted on a board, and a manufacturing
method for the circular module.

2. Description of the Related Art

As an 1nvention related to a prior-art circuit module and a
manufacturing method for the same, there are known a circuit
module and a manufacturing method for the same, which are
disclosed in Japanese Unexamined Patent Application Publi-
cation No. 2008-421352. The manufacturing method for the
circuit module, disclosed in Japanese Unexamined Patent
Application Publication No. 2008-421352, will be described
below with reference to the drawings. FIGS. 14A-14E are
sectional views 1llustrating the manufacturing method for a
circuit module 500, which 1s disclosed 1n Japanese Unexam-
ined Patent Application Publication No. 2008-42152.

First, as illustrated 1n FIG. 14 A, electronic components 504
are mounted on a board 502. Next, as 1llustrated 1n FIG. 14B,
an 1sulating layer 506 1s formed so as to cover a principal
surface of the board 502 and the electronic components 504.
Next, as 1llustrated in FI1G. 14C, cut grooves 508 are formed.
On that occasion, at the bottom of each of the cut grooves 508,
a tip 508a 1s formed as a groove having a narrower width than
that of the cut groove 508. Next, as 1llustrated 1n FIG. 14D, a
shield layer 510 1s formed by applying an electrically con-
ductive resin to both the insulating layer 506 and the cut
grooves 308. Finally, the board 502 and the shield layer 510
are cut by a dicing machine at a cutting width W that 1s larger
than a width of the tip 508a. Consequently, as illustrated in
FIG. 14E, the board in the collective (multi-module) form 1s
divided 1nto the individual circuit modules 500.

According to the above-described manufacturing method
for the circuit module 500, when the shield layer 510 1is
formed, air in the cut grooves 508 1s caused to reside 1n the tips
508a. Because the tips 508a are cut away when the multi-
module board 1s divided into the individual circuit modules

500, a possibility that air may remain between the shueld layer
510 and each of the board 502 and the insulating layer 506. As

a result, adhesion of the shield layer 510 to the board 502 and
the msulating layer 506 1s increased.

However, the principal surface of the msulating layer 506,
on which the shield layer 510 1s formed, 1s flat as 1llustrated 1n
FIGS. 14A-14E. When the electrically conductive resin 1n a
paste-like state 1s applied onto the flat insulating layer 506,
the applied resin tends to spread overly and to become too
thin. Therefore, the manufacturing method for the circuit
module 500 accompanies with a risk that a defect area where

the electrically conductive resin 1s not coated may occur in the
shield layer 510.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide a
circuit module and a manufacturing method for the same,
which reduces a possibility that a defect area where an elec-
trically conductive resin 1s not coated may occur 1n a shield
layer.

A manufacturing method for a circuit module, according to
a first preferred embodiment of the present invention,
includes the steps of preparing a mother board, mounting a
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2

plurality of electronic components on a principal surface of
the mother board, forming an insulator layer to cover the
principal surface of the mother board and the plurality of
clectronic components, cutting the insulator layer such that
unevenness 1s created 1n a principal surface of the sulator
layer and the insulator layer has a predetermined thickness,
coating an electrically conductive resin on the principal sur-
face of the msulator layer to form a shield layer, and dividing
the mother board on which the isulator layer and the shield
layer are formed, to thereby obtain a plurality of circuit mod-
ules.

A circuit module according to a second preferred embodi-
ment of the present invention includes a board, a plurality of
clectronic components mounted on a principal surface of the
board, an insulator layer covering the principal surface of the
board and the electronic components, the mnsulator layer hav-
ing unevenness 1n a principal surface thereotf, and a shield
layer disposed on the principal surface of the insulator layer
and made of an electrically conductive resin.

Preferred embodiments of the present invention reduce the
possibility that a defect area where the electrically conductive
resin 1s not coated may occur 1n the shield layer.

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more

apparent from the following detailed description of the pre-
terred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a perspective view 1illustrating an outer appear-
ance of a circuit module according to one preferred embodi-
ment of the present invention.

FIG. 2 1s a sectional view, taking along A- A, 1llustrating the
structure of the circuit module of FIG. 1.

FIG. 3 1s an exploded perspective view of a circuit board.

FIG. 4 1s a perspective view 1illustrating an outer appear-
ance of the circuit module during fabrication thereof.

FIG. 5 1s a perspective view illustrating an outer appear-
ance of the circuit module during fabrication thereof.

FIG. 6 15 a perspective view 1illustrating an outer appear-
ance of the circuit module during fabrication thereof.

FIG. 7 1s a sectional view 1illustrating a manufacturing step
tfor the circuit module.

FIG. 8 15 a perspective view 1illustrating an outer appear-
ance of the circuit module during fabrication thereof.

FIG. 9 15 a sectional view illustrating a manufacturing step
for the circuit module.

FIG. 10 1s a perspective view illustrating an outer appear-
ance of the circuit module during fabrication thereof.

FIG. 11 1s a sectional view illustrating a manufacturing step
for the circuit module.

FIG. 12 1s a sectional view illustrating the structure of a
circuit module according to a modification.

FIG. 13 1s a sectional view illustrating a manufacturing step
for the circuit module according to the modification.

FIGS. 14A-14F 1nclude sectional views 1llustrating suc-
cessively steps of a manufacturing method for a circuit mod-
ule, which is disclosed 1n Japanese Unexamined Patent Appli-

cation Publication No. 2008-42152.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

L1
]

ERRED

A circuit module and a manufacturing method for the
same, according to preferred embodiments of the present
invention, will be described with reference to the drawings.
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A construction of the circuit module according to one
preferred embodiment of the present invention will be
described below with reference to the drawings. FIG. 1 1s a
perspective view illustrating an outer appearance of a circuit
module 10 according to one preferred embodiment of the
present invention. FIG. 1 1s illustrated 1n a partially see-
through way for understanding of an inner structure of the
circuit module 10. FIG. 2 15 a sectional view, taking along
A-A 1llustrating the structure of the circuit module 10 of FIG.
1. In the following description, a direction of height of the
circuit module 10 having a substantially rectangular parallel-
epiped shape 1s defined as a z-axis direction. Further, a direc-
tion 1n which a short side of the circuit module extends when
viewed from above in the z-axis direction 1s defined as an
x-axi1s direction, and a direction 1n which a long side of the
circuit module extends 1s defined as a y-axis direction. The
x-ax1s, the y-axis, and the z-axis are orthogonal to one
another.

As 1llustrated 1n FIG. 1, the circuit module 10 includes a
circuit board 12, electronic components 14a and 14b, an
insulator layer 16, and a shield layer 18. The circuit board 1s
a printed board including built-in circuits and having external
clectrodes. The construction of the circuit board 12 will be
described below with reference to FIG. 3. FIG. 3 1s an
exploded perspective view of the circuit board 12.

The circuit board 12 preferably i1s the so-called multilayer
printed board and includes msulator layers 30a to 304, exter-
nal electrodes 32, 34, 38 and 40, wiring 36, via-hole conduc-
tors V1 to V10, and a ground conductor G. Also, the circuit
board 12 has a principal surface S1 on the positive side 1in the
z-ax1s direction. In FIG. 3, reference numerals representing
the external electrodes 32, 34, 38 and 40, the wiring 36, the
via-hole conductors V1 to V10 are attached to only typical
ones of the respective components.

Each of the insulator layers 30a to 30d preferably has a
rectangular shape and 1s made of glass epoxy, for example.
The insulator layers 30a to 304 may be each made of a
ceramic, for example. In the following description, a princi-
pal surface of each of the isulator layers 30a to 304 on the
positive side 1n the z-axis direction 1s called a front surface,
and a principal surface of each of the insulator layers 30a to
30d on the negative side 1n the z-axis direction 1s called a rear
surface.

A plurality of external electrodes 32, for example, sixteen
in this preferred embodiment, 1s provided on the front surface
of the isulator layer 30a. The electronic component 14a 1s
mounted to the external electrodes 32. A plurality of external
clectrodes 34, for example, four i this preferred embodi-
ment, 1s provided on the front surface of the insulator layer
30a. The electronic component 145 1s mounted to the external
clectrodes 34.

The via-hole conductor V1 1s arranged so as to penetrate
the insulator layer 30q 1n the z-axis direction and 1s connected
at 1ts end on the positive side 1n the z-axis direction to the
external electrode 32. The via-hole conductor V2 1s arranged
so as to penetrate the insulator layer 304 1n the z-axis direction
and 1s connected at 1ts end on the positive side 1n the z-axis
direction to the external electrode 34.

The ground conductor G 1s a conductor layer covering
substantially the entire front surface of the insulator layer
30b. Theredfore, the ground conductor G 1s in contact with four
sides of the insulator layer 305, as illustrated in FIG. 3.
However, the ground conductor G has blank portions B1 and
B2 in which the conductor layer 1s not provided. The via-hole
conductors V4 and V5 are arranged so as to penetrate the
insulator layer 306 1n the z-axis direction at respective posi-
tions aligned with the blank portions B1 and B2 when viewed
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4

from above 1n the z-axis direction. Thus, the via-hole conduc-
tors V4 and V3 are msulated from the ground conductor G.
Respective ends of the via-hole conductors V4 and VS on the
positive side in the z-axis direction are connected to the via-
hole conductors V1 and V2, which are aligned respectively
with the via-hole conductors V4 and V3 when viewed from
abovein the z-axis direction. Further, respective ends of those
ones among the via-hole conductors V1 and V2 on the nega-
tive direction side except for the other ones among the via-
hole conductors V1 and V2, which are connected respectively
to the via-hole conductors V4 and VS5, are connected to the
ground conductor G.

The via-hole conductors V3 and V6 are arranged so as to
penetrate the insulator layer 305 1n the z-axis direction and are
connected at their ends on the positive side 1n the z-axis
direction to the ground conductor G. Further, the via-hole
conductors V3 and V6 are disposed at positions aligned
respectively with the via-hole conductors V1 and V2 when
viewed from above 1n the z-axis direction.

The via-hole conductor V7 1s arranged so as to penetrate
the insulator layer 30c¢ 1n the z-axis direction and 1s connected
at 1ts end on the positive side 1n the z-axis direction to the
via-hole conductor V3 or the via-hole conductor V4. Also, the
via-hole conductor V8 1s arranged so as to penetrate the
insulator layer 30c¢ 1n the z-axis direction and 1s connected at
its end on the positive side 1n the z-axis direction to the
via-hole conductor V5 or the via-hole conductor V6.

The wiring 36 1s disposed on the front surface of the insu-
lator layer 30c¢ for interconnection between the via-hole con-
ductors V7 and between the via-hole conductors V7 and V8.

The via-hole conductor V9 1s arranged so as to penetrate
the insulator layer 304 1n the z-axis direction and 1s connected
at 1ts end on the positive side 1n the z-axis direction to the
via-hole conductor V7. Also, the via-hole conductor V10 1s
arranged so as to penetrate the insulator layer 304 1n the z-axis
direction and 1s connected at 1ts end on the positive side in the
z-axi1s direction to the via-hole conductor V8.

A plurality of external electrodes 38, for example, sixteen
in this preferred embodiment, 1s provided on the rear surface
of the 1nsulator layer 30d4. An end of the via-hole conductor
V9 on the negative side in the z-axis direction 1s connected to
the external electrode 38. A plurality of external electrodes
40, for example, four 1n this preferred embodiment, 1s pro-
vided on the rear surface of the msulator layer 30d. An end of
the via-hole conductor V10 on the negative side 1n the z-axis
direction 1s connected to the external electrode 40. When the
circuit board 12 1s mounted to a mother board, the external
clectrodes 38 and 40 are connected to external electrodes of
the mother board. Further, the ground potential 1s applied to
the external electrodes 38 and 40, which are electrically con-
nected to the ground conductor G.

The internal structure of the circuit board 12 1s not particu-
larly important except for that the ground conductor G 1s
disposed, and hence a more detailed description thereof 1s
omitted. The circuit board 12 may preferably include, for
example, a capacitor, a coil, and a microstrip line.

The electronic component 14a 1s, €.g., a semiconductor
integrated circuit and 1s mounted on the principal surface S1
of the circuit board 12 as illustrated 1n FIGS. 1 and 2. A
plurality (e.g., 16) of external electrodes (not shown) are
disposed on a principal surface of the electronic component
14a on the negative side 1n the z-axis direction and are con-
nected to the external electrodes 32 illustrated in FIG. 3 by
soldering, for example.

The electronic component 145 preferably 1s, e.g., a chip-
type electronic component, such as a noise filter, and 1s
mounted on the principal surface S1 of the circuit board 12 as
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illustrated 1n FIGS. 1 and 2. A plurality (e.g., 4) of external
clectrodes (not shown) are disposed on a principal surface of
the electronic component 146 on the negative side 1n the
z-ax1s direction and are connected to the external electrodes
34 1llustrated 1n FI1G. 3 by soldering, for example.

The 1nsulator layer 16 1s preferably made of an insulating
resin (€.g., an epoxy resin) and covers the principal surface S1
of the circuit board 12 and the electronic components 14aq and
145 as illustrated 1n FIGS. 1 and 2. The insulator layer serves
not only to protect the principal surface S1 of the circuit board
12 and the electronic components 14a and 145, but also to
insulate the electronic components 14a and 146 from the
shield layer 18 (described later).

Further, unevenness 1s created 1n the principal surface S2 of
the insulator layer 16 on the positive side 1n the z-axis direc-
tion. More specifically, the unevenness 1s provided by a plu-
rality of grooves 20 and a plurality of projections 22, which
are formed to extend 1n the y-axis direction. The grooves 20
and the projections 22 are alternately disposed side by side 1n
the x-axis direction. In addition, the plurality of grooves 20
have the same shape 1n a section perpendicular to the y-axis
direction as illustrated in FIG. 2, and the plurality of projec-
tions 22 also have the same shape 1n a section perpendicular
to the y-axis direction as illustrated in FIG. 2. The plurality of
grooves 20 and the plurality of projections 22 are positioned
side by side at equal intervals in the x-axis direction. In other
words, the unevenness having a cyclic structure 1s created in
the principal surface S2. Be 1t noted that, in FIGS. 1 and 2,
rugged portions defined by the grooves 20 and the projections
22 are 1llustrated 1n a more exaggerated scale than actual for
casier understanding of the unevenness.

The shield layer 18 1s preferably made of an electrically
conductive resin coated on the principal surface S2 of the
insulator layer. Because the film thickness of the shield layer
18 1s comparatively thin, unevenness i1s also created 1n a
principal surface of the shield layer 18 in conformity with the
unevenness 1n the principal surface of the insulator layer 16.
Further, the shield layer 18 covers lateral surfaces of the
insulator layer 16, which are positioned on both sides of the
insulator layer 16 in the x-axis direction.

In addition, the shield layer 18 covers respective portions
of lateral surfaces of the circuit board 12, which are posi-
tioned on both sides of the circuit board 12 1n the x-axis
direction. More specifically, as illustrated in FIGS. 1 and 2,
steps (level differences) are preferably provided at both sides
of the principal surface S1 of the circuit board 12 1n the x-axis
direction. Stated another way, surfaces S4 and S35 positioned
at levels shifted toward the more negative side 1n the z-axis
direction than the principal surface S1 and facing the positive
side 1n the z-axis direction are formed, as 1llustrated in FI1G. 2,
by cutting away portions of the principal surface S1 on both
sides 1n the x-axis direction. The surface S4 1s positioned on
the negative side in the x-axis direction, and the surface S5 1s
positioned on the positive side 1n the x-axis direction. Further,
a surface S6 1s arranged so as to interconnect the principal
surface S1 and the surface S4, and a surface S7 1s arranged so
as to mterconnect the principal surface S1 and the surface S5.
The surfaces S6 and S7 are surfaces extending perpendicular
or substantially perpendicular to the x-axis direction. The
surface S6 and the lateral surface of the insulator layer 16 on
the negative side in the x-axis direction are preferably flush
with each other with no step formed between them. Similarly,
the surface S7 and the lateral surface of the insulator layer 16
on the positive side 1n the x-axis direction are preferably flush
with each other with no step formed between them.

The ground conductor G 1s exposed from the surfaces S6

and S7 as 1llustrated in FI1G. 2. The shield layer 18 covers the
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surfaces S4 to S7. Theretore, the shield layer 18 and the
ground conductor G are connected to each other. Thus, the
ground potential 1s applied to the shield layer 18. As a result,
the shield layer 18 serves to prevent noise from being radiated
to the exterior of the circuit module 10 and noise from coming
into the interior of the circuit module 10.

A manufacturing method for the circuit module 10 will be
described below with reference to the drawings. FIGS. 4 to 6,
and 10 are each a perspective view illustrating an outer
appearance of the circuit module 10 during fabrication
thereof. FIGS. 7, 9 and 11 are each a sectional view 1llustrat-
ing a manufacturing step for the circuit modules.

First, a mother board 112 illustrated 1n FIG. 4 1s prepared.
The mother board 112 1s a collective (multi-module) board
including a plurality of circuit boards 12 arrayed in a matrix
pattern. In FIG. 4, twenty-four (24) circuit boards 12 are
arrayed. The mother board 112 may be prepared by fabricat-
ing 1t or by purchasing a completed product from the market.
Because the mother board 112 1s a general component, a
description of amethod of fabricating the mother board 112 1s
omitted.

Next, as illustrated 1n FIG. 4, plural sets of electronic
components 14a and 145 are mounted onto the principal
surface S1 of the mother board 112. More specifically, the
mother board 112 1s demarcated into the plurality of circuit
boards 12 as indicated by one-dot-chain lines. Among the
one-dot-chain lines in FIG. 4, the one-dot-chain lines extend-
ing 1n the x-axis direction represent cut lines CLx, and the
one-dot-chain lines extending 1n the y-axis direction repre-
sent cut lines CLy. The cut lines CLx and CLy are lines along
which the mother board 112 is divided. Further, each set of
clectronic components 14a and 145 1s mounted onto the prin-
cipal surface S1 of each circuit board 12 in one-to-one rela-
tion by soldering.

Next, as illustrated in FIG. 5, an insulator layer 116 1s
formed so as to cover the principal surface S1 of the mother
board 112 and the plural sets of electronic components 14a
and 14b. More specifically, an insulating resin 1s coated over
the principal surface S1 of the mother board 112 and the
plural sets of electronic components 14a and 145 by using a
dispenser. Further, the coated 1nsulating resin 1s heated to be
hardened.

Next, as 1llustrated in FIGS. 6 and 7, the insulator layer 116
1s cut such that unevenness 1s created in the principal surface
S2 of the msulator layer 116 and that the insulator layer 116
has a predetermined thickness H. In this preferred embodi-
ment, as 1llustrated 1n FIG. 7, a plurality of grooves 20 and a
plurality of projections 22, the grooves 20 and the projections
22 extending 1n the y-axis direction, are formed 1n and on the
principal surface S2 of the insulator layer 116. Further, as
illustrated 1n FIG. 7, an interval L2 at which the plurality of
grooves 20 are formed or an interval 1.2 at which the plurality
of projections 22 are formed 1s smaller than a width L1 of the
circuit module 10 as viewed 1n the x-axis direction.

A process of cutting the insulator layer 116 will be
described in more detail. In the process of cutting the insula-
tor layer 116, as illustrated 1n FIG. 6, a dicer D1 1s moved over
the principal surface S2 of the insulator layer 116 toward the
negative side 1n the y-axis direction. Thereafter, the dicer D1
1s shifted toward the positive side 1n the x-axis direction. The
dicer D1 1s then moved over the principal surface S2 of the
insulator layer 116 toward the negative side 1n the y-axis
direction. The entire principal surface S2 of the insulator
layer 116 1s cut by repeating those steps.

A cutting surface F of the dicer D1 has unevenness as
illustrated in FIG. 7. More specifically, the cutting surface F
includes a projected portion F1 and a recessed portion F2. The
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projected portion F1 1s relatively projected toward the nega-
tive side 1n the z-axis direction, and the recessed portion F2 1s
relatively recessed toward the positive side 1n the z-axis direc-
tion. Further, the recessed portion F2 1s positioned on the
more positive side 1n the x-axis direction than the projected
portion F1. The reason why the cutting surface F of the dicer
D1 has such a structure 1s as follows.

The cutting surface F of the dicer D1 1s flat 1n a new state.
As described above, however, the dicer D1 1s moved toward
the negative side 1n the y-axis direction and then shifted
toward the positive side in the x-axis direction step by step.
Accordingly, when the dicer D1 imitially cuts the insulator
layer 116, it contacts a side of the principal surtface S2 of the
insulator layer 116 on the negative side in the x-axis direction.
At that time, the dicer D1 contacts the msulator layer 116 at
the recessed portion F2, which i1s positioned on the more
positive side 1n the x-axis direction than the projected portion
F1, imnstead of contacting the msulator layer 116 at the entire
cutting surface F. Hence, the recessed portion F2 tends to
wear faster than the projected portion F1. As a result, the
cutting surface F 1s caused to have the projected portion F1
and the recessed portion F2 with the lapse of time, as 1llus-
trated in FI1G. 7.

When the insulator layer 116 1s cut by using the dicer D1
having the above-described cutting surface F, the insulator
layer 116 1s cut 1n a relatively large amount by the projected
portion F1 such that the groove 20 1s formed. Also, the 1nsu-
lator layer 116 1s cut in a relatively small amount by the
recessed portion F2 such that the projection 22 1s formed.

Further, as 1llustrated 1n FIG. 7, a width L4 of the dicer D1
in the x-axis direction preferably 1s smaller than the width L1
of the circuit module 10 1n the x-axis direction. Theretfore, the
plurality of grooves 20 and the plurality of projections 22 are
preferably formed to have a cyclic structure with respect to
one circuit module 10. In addition, as 1llustrated in FIG. 7, a
width L3 by which the dicer D1 1s shufted toward the positive
side 1n the x-axis direction 1s smaller than the width L4 of the
dicer D1 in the x-axis direction. With such a structure, one
region where the dicer D1 1s moved 1n each stroke of cutting,
over the principal surface S2 of the insulator layer 116 over-
laps with an adjacent similar region. Consequently, 1t 1s pos-
sible to prevent some area of the insulator layer 116 from
remaining uncut.

In FIG. 7, a thickness H of the insulator layer 116 1s pro-
vided as an average value of the distance from the principal
surface S1 of the mother board 112 to the principal surface S2
of the msulator layer 116.

Next, as illustrated 1 FIG. 8, a plurality of grooves 42
extending in the y-axis direction are formed by using a dicer
D2 which has a narrower width than the dicer D1. More
specifically, the dicer D2 1s advanced toward the negative side
in the y-axis direction along the cut line CLy 1llustrated 1n
FIG. 6. Atthat time, as 1llustrated in FI1G. 9, the grooves 42 are
cach formed such that a bottom surface of the groove 42 does
not reach the principal surface of the mother board 112 on the
negative side 1n the z-axis direction, but it reaches a position
on the more negative side 1n the z-axis direction than the
ground conductor G. Thus, the ground conductor G 1s
exposed at iner peripheral surfaces of each groove 42.

Next, as illustrated 1n FIGS. 10 and 11, a shield layer 118 1s
formed by coating an electrically conductive resin on the
principal surface S2 of the insulator layer 116 and the inner
peripheral surfaces of the grooves 42. The electrically con-
ductive resin 1s preferably coated by the spin coating method,
for example. More specifically, the mother board 112 1s pret-
erably placed on a rotary table and 1s rotated at a predeter-
mined angular speed. Then, the electrically conductive resin
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in a slurry-like state 1s dripped onto a center of the insulator
layer 116. The dripped electrically conductive resin 1s caused
to thinly spread over the entire principal surface S2 of the
insulator layer 116 by the action of a centrifugal force. On that
occasion, the electrically conductive resin gradually spreads
over the entire principal surface S2 of the insulator layer 116
while repeating such a behavior that the resin enters the
grooves 20 to stay therein and hits against the projections 22.
As a result, the electrically conductive resin 1s kept from
extending too thinly and a defect area where the electrically
conductive resin 1s not coated 1s prevented from generating 1n

the shield layer 118. Thereatter, the shield layer 118 1s hard-

ened. Additionally, unevenness in conformity with the
unevenness in the principal surface S2 1s created in a principal

surface S3 of the shield layer 118.

Next, the mother board 112 including the insulator layer
116 and the shield layer 118 formed thereon 1s divided nto
the plurality of circuit modules 10. More specifically, a dicer

having a narrower width than the dicer D2 1s advanced along
the cut lines CLx and CLy to cut the mother board 112. The
circuit module 10, illustrated in FIGS. 1 and 2, 1s completed
through the above-described process.

The above-described circuit module 10 and manufacturing,
method for the same can reduce a possibility that the defect
area where the electrically conductive resin 1s not coated may
occur in the shield layer 18. Such an advantage 1s described 1n
more detail. According to the manufacturing method for the
circuit module 500 which 1s disclosed 1n Japanese Unexam-
ined Patent Application Publication No. 2008-421352, as 1llus-
trated 1n FIGS. 14A-14FE, the principal surface of the msulat-
ing layer 506 on which the shield layer 510 1s formed 1s flat.
When the electrically conductive resin in the paste-like state
1s coated on the flat principal surface of the msulating layer
5006, the resin tends to extend too thinly. Consequently, the
manufacturing method for the circuit module 500 has a risk
that the defect area where the electrically conductive resin 1s
not coated may occur 1n the shield layer 510.

On the other hand, according to the circuit module 10 and
the manufacturing method for the same, the unevenness (in
the form of the grooves 20 and the projections 22) 1s created
in the principal surface S2 of the insulator layer 116. There-
fore, when the electrically conductive resin 1s coated on the
principal surface S2 of the insulator layer 116 by the spin
coating method, for example, the electrically conductive resin
1s caused to spread over the entire principal surface S2 while
moving up and down following the unevenness. Hence, the
clectrically conductive resin can be kept from extending too
thinly and the defect area where the electrically conductive
resin 1s not coated can be prevented from generating in the
shield layer 118.

Also, the circuit module 10 and the manufacturing method
for the same can prevent the generation of the defect area for
the following reason as well. More specifically, if the interval
at which the grooves 20 and the projections 22 are formed 1s
too wide, there 1s a risk that the electrically conductive resin
may extend too thinly. To cope with the risk, according to the
circuit module 10 and the manufacturing method for the
same, the width [.4 ofthe dicer D1 1n the x-axis direction 1s set
smaller than the width L1 of the circuit module 10 1n the
x-axi1s direction, as 1llustrated 1n FIG. 7. Further, the width L3
by which the dicer D1 1s shifted in the x-axis direction 1s
smaller than the width L4 of the dicer D1 1n the x-axis direc-
tion. With such a structure, the plurality of grooves 20 and the
plurality of projections 22 are formed with respect to one
circuit board 12. As a result, the interval at which the grooves
20 and the projections 22 are formed 1s kept from becoming
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too wide, whereby the electrically conductive resin 1s pre-
vented from extending too thinly and the generation of the
defect area 1s reduced.

Moreover, the circuit module 10 and the manufacturing,
method for the same can prevent the occurrence of a break in
wires between the electronic components 14a, 146 and the
circuit board 12 for the reason described below. More spe-

cifically, according to the circuit module 10 and the manufac-
turing method for the same, the width L4 of the dicer D1 in the
x-axi1s direction 1s set smaller than the width L1 of the circuit
module 10 1n the x-axis direction. By cutting the insulator
layer 116 with the dicer D1 having the comparatively narrow
width, an amount by which the insulator layer 116 1s cut per
unit time 1s reduced. This means that a load imposed on the
mother board 12 during the cutting of the insulator layer 116
1s comparatively small. It 1s hence possible to avoid an exces-
stve load from being imposed on the mother board 112 during
the cutting of the isulator layer 116, and to suppress the
occurrence of a break 1n wires between the mother board 112
and the electronic components 14a, 145.

A circuit module and a manufacturing method for the
same, according to a modification, will be described below
with reference to the drawings. FIG. 12 1s a sectional view
illustrating the structure of a circuit module 10a according to
the modification. FIG. 13 1s a sectional view 1llustrating a
manufacturing step for the circuit module 10a according to
the modification.

The circuit module 10a differs from the circuit module 10
in shape of the unevenness that 1s created in the principal
surface S2 of the insulator layer 16. This 1s because a dicer D1'
used in the manufacturing method for the circuit module 104
differs from the dicer D1 used 1n the manufacturing method
tor the circuit module 10. The following description 1s made
primarily about such a difference.

As seen from FIGS. 2 and 12, the principal surface S2 of
the 1nsulator layer 16 1n the circuit module 10a has gentler
unevenness than the principal surface S2 of the insulator layer
in the circuit module 10. The reason 1s that, in the manufac-
turing method for the circuit module 10a, a comparatively
large dicer suitable for cutting metals 1s used as the dicer D1".
More specifically, because the dicer D1' 1s a dicer suitable for
cutting metals, 1t has higher hardness than the dicer DI1.
Therefore, the dicer D1' 1s less apt to wear than the dicer D1
and has a shape not including the projected portion F1 and the
recessed portion F2 of the dicer D1. Instead, the dicer D1' has
a comparatively rough cutting surface F' even in a not-worn
state. In the manufacturing method for the circuit module 104,
unevenness (1in the form of grooves 120 and projections 122)
1s created 1n the principal surface S2 of the insulator layer 116
by utilizing the cutting surface F'. Consequently, gentler
unevenness than that 1in the principal surface S2 of the 1nsu-
lator layer 16 in the circuit module 10 can be obtained 1n the
principal surface S2 of the msulator layer 16 1n the circuit
module 10a.

According to the above-described circuit module 10a and
manufacturing method for the same, the unevenness in the
principal surface S2 of the insulator layer 16 becomes gentler,
and hence the unevenness 1n the principal surface S2 can be
more easily compensated with the shield layer 18. As a result,
the principal surface S3 of the shield layer 18 1s flattened.
Thus, even when the comparatively large dicer D1' 1s used,
the unevenness can be created 1n the principal surface of the
insulator layer 16 and the generation of the defect area where
the electrically conductive resin 1s not coated can be sup-
pressed by using the dicer D1' that has a rough surface.

In the manufacturing method for the circuit module 10, the
principal surface S2 of the insulator layer 116 may also be cut
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by using a dicer D1 having a flat cutting surface F. In that case,
however, a depth of cutting of the dicer D1 against the 1nsu-
lator layer 116 needs to be changed in order to create the
unevenness in the principal surface S2 of the insulator layer
116.

Various preferred embodiments of the present invention
are preferably applied to the circuit module and the manufac-
turing method for the same. In particular, the present inven-
tion 1s advantageous 1n reducing a possibility that the defect
area where the electrically conductive resin 1s not coated may
occur 1n the shield layer.

While preferred embodiments of the present mmvention
have been described above, 1t 1s to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing the scope and spirit of the present mnven-
tion. The scope of the present invention, therefore, 1s to be
determined solely by the following claims.

What 1s claimed 1s:

1. A manufacturing method for a circuit module, compris-
ng:

a step ol preparing a mother board including a first princi-
pal surface and a second principal surface opposed to the
first principal surface;

a step of mounting a plurality of electronic components on
the first principal surface of the mother board;

a step of forming an 1nsulator layer to cover the first prin-
cipal surface of the mother board and the plurality of
clectronic components;

a {irst step of cutting the insulator layer such that uneven-
ness 1s created 1n a principal surface of the mnsulator layer
and the 1nsulator layer has a predetermined thickness;

a second step of cutting the msulator layer and the mother
board to form a dividing groove that extends entirely
through the isulator layer and partially through the
mother board such that a bottom surface of the dividing
groove does not extend to the second principal surface of
the mother board:;

a step of coating an electrically conductive resin on the
principal surface of the 1sulator layer to form a shield
layer; and

a step of dividing the mother board, on which the insulator
layer and the shield layer are formed, along the dividing,
groove to thereby obtain a plurality of circuit modules.

2. The manufacturing method for the circuit module
according to claim 1, wherein 1n the first step of cutting the
insulator layer, a plurality of grooves and a plurality of pro-
jections are formed 1n and on the principal surface of the
insulator layer, the plurality of grooves and the plurality of
projections extending in a first direction.

3. The manufacturing method for the circuit module
according to claim 2, wherein an interval at which the plural-
ity of grooves are formed or an interval at which the plurality
of projections are formed 1s smaller than a width of a respec-
tive one of the plurality of circuit modules 1n a second direc-
tion perpendicular or substantially perpendicular to the first
direction.

4. The manufacturing method for the circuit module
according to claim 2, wherein the first step of cutting the
insulator layer 1s performed by moving a dicer in the first
direction over the principal surface of the insulator layer, then
shifting the dicer 1n a second direction perpendicular or sub-
stantially perpendicular to the first direction, and then moving
the dicer 1n the first direction 1n a repeated manner.

5. The manufacturing method for the circuit module
according to claim 4, wherein a width of the dicer 1n the
second direction 1s smaller than a width of a respective one of
the plurality of circuit modules in the second direction.




US 8,240,035 B2

11

6. The manufacturing method for the circuit module
according to claim 4, wherein 1n the first step of cutting t.
insulator layer, a width by which the dicer 1s shifted 1n t.

second
second

1C
1C

| direction 1s smaller than a width of the dicer 1n t
| direction.

7.

1C

'he manufacturing method for the circuit module

according to claim 4, wherein a cutting surface of the dicer
includes uneven portions.

12

8. The manufacturing method for the circuit module
according to claim 1, wherein 1n the step of forming the shield
layer, the electrically conductive resin 1s coated on the prin-
cipal surface of the insulator layer by a spin coating method.
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